Abstract: A high-performance operational transconductance amplifier (OTA) is proposed. In order to increase DC gain, gain bandwidth, and the slew rate under low standby quiescent current, the proposed OTA has the dynamic output current scaling and class AB operation. Under the condition of 250 A quiescent current and a 30 pF load capacitance with a step voltage from 1.2 to 1.5 V at a rise time of 1 nsec in a unit gain configuration, HSPICE simulation results are presented to show a higher DC gain, gain bandwidth and slew rate than conventional OTAs.
Introduction
The operational transconductance amplifiers (OTA) are widely used to drive large capacitive load in the LDO regulator and switched-capacitor filter applications [1] . The OTAs have to meet several requirements such as accuracy and speed. For accuracy, high voltage gain is required, and for speed, wide bandwidth and high slew rate are needed. As shown Fig. 1(a) , the current mirror OTA is conventional type, and the DC gain of the current mirror OTA is not large enough for an accurate target voltage. In addition, the large signal behavior is poor because of limited tail current.
Recently, many researchers have proposed various strategies to improve the performance of the OTA for meeting the needs of the applications specification. Typically, the conventional current mirror OTA is modified by class AB type to achieve a high DC gain [2, 3, 4, 5] , and the constant tail current source is substituted by a dynamic biasing tail current for low power and a high slew rate [3, 4, 5] . However, applications still require more improved OTA performance to suit the demands of users.
In this letter, we proposed a new OTA that achieves a sufficiently high gain, gain bandwidth, and slew rate with a single-pole frequency characteristic. 
where is the channel length modulation coefficient, V OD is the overdrive voltage, which equals V GS − V TH in the saturation region, I t is the tail current, and I O,Q is the drain current of the output transistors. The DC gain of the current mirror OTA is
If the overdrive voltage remains constant, the controlling tail current does not affect the gain of the amplifier. A common practice for high gain is using a cascoded output stage; However, the cascoded output stage limits the output swing of an amplifier, so it cannot be a general solution [2] . In addition to the problem of a low DC gain, the current mirror OTA in Fig. 1 (a) has a limited maximum output current (I o,max ), and as a result, a low slew rate (SR) as shown below.
where C load is the load capacitance. If the tail current, I t , or the current mirror ratio, A/B, is increased for higher slew rate; however, it will also increase the quiescent current. Since the small handheld devices are gaining popularity, higher quiescent current cannot be tolerated in such portable systems. So, we proposed a new OTA, which achieves sufficient high gain, bandwidth, and slew rate with small quiescent current and a single-pole frequency characteristic.
Proposed scheme description
In order to achieve a high DC gain, the output resistance must be increased. However, as mentioned earlier, cascoding limits the output voltage swing, so the use of cascoding is avoided. A solution to increase the output resistance is reducing the tail current as shown in (2); however, reducing the tail current in the OTA [A] proportionally reduces G m such that the overall gain does not change. In addition, reducing the output current directly contradicts the requirement of a high slew rate.
As shown in Fig. 1(b) , the OTA [B] is to increase the DC gain by adding an extra control circuit [3] . The OTA [B] has two voltage controlled current path. The transistors, M11, M12, M13, and M14 sense the input differential voltage, and control M9 and M10. The total transconductance of OTA [B] is as follows:
The quiescent output current can also be represented by Equation (6).
As a result, the output resistance is increased as shown below.
Both transconductance and output resistance of the OTA [B] are increased, so the overall gain increase is significant. The important OTAs parameters are summarized in Table I . It is evident that the OTA [B] has advantages in terms of the transconductance, output resistance, and gain. Under the same quiescent currents, the OTA [B] has a significantly higher slew rate, but the slew rate is still limited by the tail current.
Therefore, another solution is a well known dynamic biasing scheme, the OTA [C] in Fig. 1(c) [3] . The OTA [C] features dynamic current sourcing capability depending on the differential input signal [5] . The OTA [C] consists of two matched transistors, M03 and M04 acting as DC level shifters. The M04 transistor senses the variation of the plus input voltage (V P ) and acts as a source follower amplifier. Then, M1 and M11 amplify the variation of V P , acting as a common gate amplifier.
In order to achieve a more higher DC gain and slew rate, we proposed the OTA [new] shown in Fig. 1(d) , which consists of a mixed topology of OTA [B] and OTA [C] . As shown in Fig. 1(d) , by adding a extra signal path of ②, ③, and ④, the total transconductance of the OTA [new] is double that of OTA [B] . 
Also, the quiescent output current can be expressed as
where I t_dynamic is the dynamic tail current from the operation of OTA [new] . As a result, the output resistance is increased to
Since both transconductance and output resistance are increased, the overall gain increase in the proposed OTA [new] . One drawback of the OTA [new] is the creation of an extra non-dominant pole. The diode-connected transistors, M13 and M14 create an extra pole, so the overall frequency response should be carefully examined. However, the small-signal resistance at the drain of M13 and M14 is small, 1 of g m , so the extra pole at that node is at the high frequency.
The important OTA parameters and the comparison of the OTAs [Anew] are summarized in Table I 
